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Abstract 21
This work describes the formation of transformation products (TPs) by the enzymatic 
33
In the case of Tc, the tentative molecular formulas with errors mass within 2 ppm have been 34 based on the hypothesis of dehydroxylation, (bi)demethylation and oxidation of the rings A and
35
C as major reactions. In contrast, the major TP detected for ERY has been identified as the 36 "dehydration ERY-A", with the same molecular formula of its parent compound. In addition, the 37 evaluation of the antibiotic activity of the samples along the enzymatic treatments showed a 38 decrease around 100% in both cases.
39

Introduction 40
During last decades, antibiotic compounds have been considered "emerging 41 contaminants" due to their high consumption and pseudo-persistence in the environment (Fatta- 
42
Kasinos D., 2011; Richardson et al., 2011) . The main input into the environment for 43 pharmaceuticals is through waste water treatment plants (WWTPs) (Richardson et al., 2011) .
44
This mild elimination represents an environmental problem since antibiotics can find their way to 45 natural environment trough the effluent wastewaters by their direct discharged into the river.
46
Due to the low degradability of some of the antibiotics by conventional wastewater treatment, 47 different research groups have been focusing the study on alternative degradation processes in 48 order to increase the removal efficiency (Konstantinou et al., 2010) . However, these alternative 49 treatments can also lead to the formation of transformation products (TPs) of the pollutants that 50 might be either more persistent or toxic than the parent compound (Watkinson et al., 2007;  51 Farré et al., 2008; Onesios et al., 2009; Michael et al., 2013) . In this context, in order to better 52 assess the removal efficiency of such alternative treatment methods, the detection of known
53
and unknown compounds (including TPs) is of high importance as well as to assess their 54 toxicity.
55
Nowadays, different methods are available which allow the detection and quantification 56 of a multiple class of known antibiotics in contaminated environmental compartments, most of 57 them based on liquid chromatography coupled to mass spectrometry in tandem (LC-MS/MS) 58 (Richardson, 2012; Gros et al., 2013) . During recent years, the development of on-line 59 methodologies has increased due to their advantages such as the reduction of sample 60 manipulation, the decrease of the analysis time and the increase in robustness of the analytical 61 method. Nevertheless, and in spite of their excellent analytical performance, these approaches 62 are slowly implemented for routine analysis. In this work the use of a turbulent flow 63 chromatography as a sample pre-treatment step before a screening analysis will be discussed.
64
The main difference between the turbulent flow chromatography with the normal on-line solid 65 phase extraction (SPE) is that, in the latest, laminar flow is used. The turbulence inside the 66 extraction column (flow ≥ 1.5 ml/min) allows the good removal of high molecular weight 67 compounds, whereas small molecules are trapped by the column pores, being a mixed 68 mechanism of sorption and size exclusion chromatography (Thermo Scientific; Llorca, 2012) .
69
This technique has been used for the analysis of pharmaceuticals, their metabolites and known 70 transformation products in environmental water samples (López-Serna et al., 2012) or for the 71 analysis of more complicated matrices such as food (Mottier et al., 2007; Stolker et al., 2010) . In 72 addition to the common techniques based on the detection of known antibiotics in the 73 environment, different analytical methodologies are being developed in order to detect and 74 identify "new" contaminants and unknown substances that reach WWTPs through the so-called 75 non-target analysis (Krauss et al., 2010) . Regarding the identification, the most widely used 76 methodology for organic unknown compounds is based on MS analysis and, in particular, on 77 high resolution mass spectrometry (HRMS) (Hernández et al., 2012) .
4
The objective of this work was to apply the on-line turbulent flow technology as sample 79 pre-treatment method coupled to a hybrid linear ion trap -Orbitrap mass spectrometer for the 80 detection of unknown compounds after enzymatic treatments with the aim to remove the 81 complex matrix of the samples. Although other on-line pre-treatments coupled to a HRMS have 82 been developed for similar purposes (Kovalova et al., 2012; Gros et al., 2014) , this is the first 83 time that turbulent flow in combination with HRMS as a pre-treatment step has been used for 84 screening analysis. The developed methodology was applied to the study of unknown 85 degradation products of two antibiotics (Tc and ERY) generated through a novel enzymatic 86 decontamination treatment for waters (ENDETECH; de Gunzburg et al., 2012 (Jia et al., 2009; Pailler et al., 2009; Watkinson et 90 al., 2009; Gros et al., 2010) using conventional activated sludge treatment (CAS) and then 91 discharged into the media through the effluent. Similar pattern is observed for ERY, where the 92 problematic associated to the discharged amounts into the environment from WWTPs is still 93 present at ng/L (Gros et al., 2012) . Another problem is associated to the presence of these 94 compounds into the media since it can induce the development of the so called "environmental 95 antibiotic-resistant pathogens" (Hirsch et al., 1999; Bautitz and Nogueira, 2007; Alighardashi et 96 al., 2009; Khan et al., 2010; Huerta et al., 2013) . The development of this resistance to
97
antibiotics could cause problems at environmental levels (maybe affecting biota and, finally,
98
human health) although this information is scarce and contradictory (Rizzo et al., 2013) .
99
Nonetheless, and as an example, Szczepanowski et al. (2009) 
102
(macrolide), which also has been described to affect the resistance of bacterial communities in 103 activated sludge (Li and Zhang, 2010) but, in contrast, not in biofilms at environmental relevant 104 concentrations (Wunder et al., 2013) . Because of these problems, different authors have 105 studied an alternative degradation processes for both compounds as well as the generation of 106 any transformation products (Tc (Halling-Sørensen et al., 2002; Parka and Chounga, 2007;  107 Chen and Huang, 2010; Khan et al., 2010) and ERY (Kim et al., 2004a; 2004b; Luiz et al., 2010;  108 Pengelly, 2010)).
109
The studies described in the present work include the biodegradation efficiency of i) Tc (Table S1) 
128
Escherichia coli for the degradation of ERY was produced by c-LEcta.
129
Extraction cartridges. Solid phase extraction cartridges for off-line sample treatment
130
Oasis HLB (60 mg 3 ml) were from Waters Corporation (Miltford, MA, U.S.A).
131
Water samples. Different waters were collected during 2013 including effluent and 132 influent water from La Roca WWTP (Catalonia), surface river water from La Muga River
133
(Catalonia) and tap water from Girona (Catalonia). Influent, effluent and river waters were 134 previously filtered through 0.45 µm nylon filter (Millipore, Billerica, MA, USA).
135
Biodegradation experiments
136
The biodegradation experiments for Tc and ERY were carried out at laboratory scale for 137 the degradation of 100 µg/ml by laccase enzyme and EreB esterase, respectively. More 
6
In contrast, the evaluation of the samples for the presence of any transformation 151 product was performed in an Aria TLX-1 turbulent flow chromatograph coupled to a HRMS LTQ-
152
Orbitrap (Thermo Fisher Scientific).
153
More detailed information about the methodology can be found in section 3 from the
154
Supporting Information as well as the data processing procedure for each case. 
161
buffered water for a whole set of antibiotics (see Table S1 ) including ERY and Tc. The analytical 162 quality parameters are summarized in Table S3 and an example of chromatogram can be seen 163 in Figure S1 . In addition, the method was tested for different water types including tap water,
164
surface river water as well as effluent and influent waters from WWTP. The results are 165 summarized in Tables S4 and S5 .
166
The MLOD working in full scan mode with mass accuracy of 60,000 were, in general, 
184
The validation of the method proved its applicability for the study of different type of 
193
The results of the study based on degradation of 100 µg/ml of Tc at lab-scale with 
203
The chromatograms generated working in full scan mode from the sample at t=0 and 204 after the enzymatic treatment were compared using SIEVE software. Different peaks were
205
found in the chromatogram from the treated sample and not in the samples at time 0, and can
206
thus be considered as potential TPs of Tc degradation (see an example in Figure S2 ). In order
207
to confirm their identity and to provide a plausible structure, structural elucidation studies based
208
on MS 2 parallel experiments were performed as it has been explained before. These spectra 209 allowed the elucidation of the fragmentation of the molecule based on the proposed structure.
210
This fragmentation was also compared with the fragmentation pattern of Tc in order to look for 211 common fragments of the potential TPs. For this reason, previous experiments achieving the 212 MS 6 fragmentation of this compound were carried out and the elucidation postulated in Figure   213 S3. Finally, the molecular structure for every TP was tentatively proposed by the confirmation of 214 exact mass and ring-double bound equivalent number (RDB).
215
Three different TPs were detected during degradation experiments of Tc: TP 618, TP 216 396 and TP 431. The proposed structures are summarized in Table 1 and an approximation of 217 their formation ratio based on chromatographic peak areas are shown in Figure 1 
263
During data analysis, TP 734 was identified as the major degradation product. The ratio 264 formation of this compound is estimated to reach the 100% whereas only 50% of degradation of compound (Feldman et al., 1963; Flickinger and Perlman, 1975; Kim et al., 2002) .
273
Additionally, other minor TPs were detected. For example, TP 748 (A) (known as 274 erythromycin E) could be generated during the biodegradation of ERY (Vara et al., 1989;  275 Gerhard, 1999) . In this case, the estimation of the calculated formation ratio was around 7%.
276
The TP 750 could be generated by the oxidation of the methyl group in the position C2 (~ 1%)
277
and its consequent dehydrogenation could lead to TP 748 (B) (~ 5%). In addition, a structural 278 isomer compound of TPs 748 (A) and (B), namely TP 748 (C) (t r = 8.09 min, see Table 1 ), was 279 observed. This compound was proposed to be generated through the methylation of the 280 hydroxyl group in the position C6 but with a minimum ration formation (0.5%). As regards to TP 
285
However, the generation of TP 720 (erythromycin C) and TP 718 (erythromycin D) is quite 286 peculiar since they have been described to be formed by different biosynthesis pathways to 287 generate ERY by an irreversible reaction (Vara et al., 1989; Gerhard, 1999) . 
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